Introduction
============

Stroke is characterized by neurological deficits resulting from cerebrovascular damage and causes neurological problems such as cognitive, motor and sensory, speech and language, and emotional disorders. These problems limit participation in daily activities after a stroke and cause major life changes \[[@b1-ophrp-09-0225]\]. The earlier rehabilitation occurs the better the prognosis for the acute stroke patient \[[@b2-ophrp-09-0225]\]. The patient's neurological condition will dictate an appropriate intervention \[[@b3-ophrp-09-0225]\] which may be constraint-induced movement therapy, mirror therapy, motor imagery training, task-oriented training (TOT), and biofeedback for the function of upper extremities \[[@b4-ophrp-09-0225]--[@b8-ophrp-09-0225]\]. Task-oriented training is a clinical therapeutic approach based on rehabilitation science and is grounded in the principles of motor learning, motor control, and neuroplasticity. It enables patients with functional disabilities to self-motivate; they select and perform various tasks and practice them accordingly \[[@b9-ophrp-09-0225]\]. This intervention is referred to using various terms, including task-based, task-related, activity-based, goal-oriented, and task-specific training \[[@b1-ophrp-09-0225]\]. Circuit training is a training method that controls the intensity of training systematically and gradually as an intervention to help the repeated training of a larger number of tasks \[[@b10-ophrp-09-0225]\]. Many studies have found circuit training to be effective at improving lower extremity functions in patients after chronic stroke \[[@b10-ophrp-09-0225]--[@b12-ophrp-09-0225]\]. Occupational therapists have assigned such training to suit the functional characteristics of upper-extremity movement patterns \[[@b13-ophrp-09-0225]\]. They have also used rehabilitation tools in TOT for many decades \[[@b14-ophrp-09-0225]--[@b16-ophrp-09-0225]\] but the effects of task-oriented circuit training (TOCT) on upper extremity functions and activities of daily living (ADL) have not yet been clearly identified, and studies on its effects on acute stroke patients are limited. In addition, few studies have examined the use of rehabilitation tools in TOCT. Therefore, the purpose of this study was to investigate the effects of TOCT using rehabilitation tools on upper extremity functions and ADL in acute stroke patients.

Materials and Methods
=====================

1. Participants
---------------

Eighteen subjects were recruited and consented to participate in the study. The subjects were from two different hospitals in South Korea, one located in Incheon and one in Bucheon. The inclusion criteria were as follows: (1) acute stroke patients who developed their condition within the past 30 days and were confirmed to have hemiparesis due to cerebral infarction; (2) those who scored 24 points or above in the Mini-Mental State Examination Korean version, and could understand instructions; (3) those who did not have serious joint contracture, or musculoskeletal pain or fracture; (4) those whose Brunnstrom recovery stage in the proximal and distal regions of the affected upper extremities was 3 or below; and (5) those who had sufficient endurance to engage in 30 minute training sessions. The exclusion criteria were as follows: (1) those who had cognitive disorders such as neglect and apraxia; (2) those who had retrograde conditions such as dementia; and (3) those who had serious depression. All participants were informed of the aim of the study and signed an informed consent form. The study was approved by the Jungwon University Ethics Committee for Human Investigations before patient participation (1044297-HR-201610-013-01).

2. Measurements
---------------

### 2.1. Fugl-Meyer assessment of the upper extremity

The Fugl-Meyer assessment of the upper extremity (FMA-UE) is used to test the degree of functional recovery in the upper extremity function of stroke patients \[[@b17-ophrp-09-0225],[@b18-ophrp-09-0225]\]. The maximum score of the FMA-UE is 66 and the rating is based on direct observation of the motor performance at each item using a 3-point ordinal scale (0 = cannot perform, 1 = performs partially, and 2 = performs fully). In the FMA-UE, the inter-rater and intra-rater reliability is 0.97 \[[@b19-ophrp-09-0225]\].

### 2.2. Motor activity log

The motor activity log (MAL) is a semi-structured, interview-based measuring method that measures 30 daily activities to identify the degree of independence in the affected upper extremity \[[@b20-ophrp-09-0225],[@b21-ophrp-09-0225]\]. Performance of each activity is measured by determining the amount of use and the quality of movement. Both the amount of use and the quality of movement are based on a scale of 0 to 5. For the amount of use, 0 indicates "not using at all" and 5 indicates "using the affected side as often as before the occurrence of the disease." For the quality of movement, 0 indicates "not being able to use the affected side during activities" and 5 indicates "being able to use the affected side as much as before the occurrence of the disease." The MAL-14 item version was used for this study. The MAL is a testing tool with high levels of reliability; the internal consistency is 0.88--0.95, the inter-rater reliability is 0.90, and the test-retest reliability is 0.94 \[[@b22-ophrp-09-0225]\].

### 2.3. Stroke impact scale

The stroke impact scale (SIS) is a self-perception measuring tool based on a 5-point scale. The SIS is comprised of 64 items in the 8 areas of muscular strength, memory and thinking, feeling and emotion, communication, basic daily activities and instrumental daily activities, movability, hand function, and social participation. The total score ranges from 0 to 100, with 0 indicating "having not recovered at all" and 100 indicating "having recovered to the fullest." Using the SIS Korean 3.0 version, the 4 domains (strength, hand function, ADL, stroke recovery) were assessed according to the purpose of the study. The inter-rater reliability was 0.570 in strength, 0.635 in hand function, 0.595 in ADL, and 0.527 in stroke recovery \[[@b23-ophrp-09-0225]\].

3. Procedures
-------------

Eighteen subjects were selected according to the study's selection criteria, and the methods and procedures were explained to them before starting the experiment. After a preliminary evaluation to identify their present functional levels, subjects were randomly assigned to either an experimental group for TOCT, or a control group for neurodevelopmental treatment (NDT). Both groups participated in training sessions for 30 minutes a day, 5 to 6 days per week, over a period of 4 weeks, for a total of 22--24 sessions.

There were 6 rehabilitation tools (putty, skate, incline board, stacking cone, range of motion arc, ring) selected which are used widely in occupational therapy \[[@b24-ophrp-09-0225]\]. TOCT included 6 different tasks in which subjects performed for 5 minutes in each task in a circular manner. Each task was based on 4 levels of difficulty and the therapist provided a task fit for the subject's ability level. The guidelines required that tasks should be easily performable in a clinical environment, and that training should aim for active movements, induce the suppression of compensatory movements, gradually increase in speed and frequency, encourage the subject to make further efforts, and increase the difficulty level when a subject's function improves \[[@b25-ophrp-09-0225]\].

The control group underwent NDT to improve the functions of the trunk and upper extremities. NDT aims not only to improve muscle tone and reflexive and abnormal movement patterns and postures, but also to normalize sensorimotor elements such as sense, perception, and memory \[[@b1-ophrp-09-0225]\]. In this study, the NDT group performed its training without using tools under the guidance of therapists. The intervention consisted of a preliminary exercise for 10 minutes and an NDT-based manual exercise for 20 minutes \[[@b26-ophrp-09-0225]\].

4. Statistical analysis
-----------------------

The data were analyzed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). For descriptive statistics, Chi-square test and Mann-Whitney U test were performed. Wilcoxon signed rank test was performed to compare the FMA, MAL, and SIS scores of the 2 groups. The statistical significance level was set at α = 0.05.

Results
=======

The experimental and control groups did not show statistically significant differences in age, gender, education level, affected side, dominant hand, damaged location, disease duration, MMSE score, and clinical experience of therapists (*p* \> 0.05). The subjects' general characteristics are shown in [Table 1](#t1-ophrp-09-0225){ref-type="table"}. Comparing the number of treatment sessions between the 2 groups also did not show statistically significant differences.

Each group exhibited statistically significant improvements in FMA, MAL, and SIS scores for all except "using the spoon & chopsticks" in the control group (*p* \< 0.05). The TOCT group achieved statistically significant improvement in the MAL, arm and grip strengths on the affected side, and "using the spoon & chopsticks" in the SIS, when compared to the control group \[*p* \< 0.05 ([Table 2](#t2-ophrp-09-0225){ref-type="table"}, [3](#t3-ophrp-09-0225){ref-type="table"})\].

Discussion
==========

This study was conducted to confirm the effects of a TOCT program using rehabilitation tools on upper-extremity functions and daily activities of stroke patients. The results showed that both TOCT and NDT can improve stroke patients' use of upper extremities in the acute phase, but that TOCT led to an overall higher level of improvement than NDT in functional recovery.

Jang et al reported that the specificity, duration, and frequency of tasks brought statistically significant changes in the recovery of the upper extremities and neural reorganization in stroke patients \[[@b27-ophrp-09-0225]\].

In the present study, repetitive training of the upper extremities through TOCT had positive effects on patients' recovery and neural reorganization. However, the NDT group focused on normalizing muscle tone and supporting the affected side, so they achieved a comparatively lower level of functional recovery than the TOCT group. The NDT group showed statistically significant differences in the "using the spoon & chopsticks" item of SIS. This is probably because the control group has a greater number of patients with paralysis in the non-dominant (left) hand. The results are similar to the previous study which reported that circuit training showed significant improvements on lower-extremity motor control, balance, gait endurance and daily activities when compared to the NDT group in subacute stroke inpatients \[[@b28-ophrp-09-0225]\]. Also, other studies reported TOCT also had a positive effect on mobility and upper limb functions in acute and chronic stroke patients \[[@b29-ophrp-09-0225],[@b30-ophrp-09-0225]\]. These findings suggest that TOCT is effective in improving functional outcomes during stroke rehabilitation.

This study has some limitations. Firstly, simple exercises were conducted using rehabilitation tools, not ADL tasks. Some improvement was seen in SIS scores, but changes in ADL task abilities were not examined. Secondly, the affected side was not controlled between the 2 groups before the intervention. Because of the difference in the affected side, the 2 groups showed significantly different results in the SIS task of "using the spoon & chopsticks" before the intervention. This may have been due to the small sample size. Thirdly, patients with acute stroke can have spontaneous recovery, so therapists should apply TOCT according to functional recovery. Future studies should target chronic stroke patients, and long-term follow-up studies should involve a larger number of subjects to generalize the research results.
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###### 

The general characteristics of the subjects.

                                                                 Experimental group (*n* = 9)   Control group (*n* = 9)   *p*        
  -------------------------------------------------------------- ------------------------------ ------------------------- ---------- -------
  Age, y (SD)                                                    70.81 (8.75)                   63.36 (11.67)             0.507      
                                                                                                                                     
  Gender                                                         Male                           5 (55.6)                  5 (55.6)   1.000
  Female                                                         4 (44.4)                       4 (44.4)                             
                                                                                                                                     
  Side of lesion                                                 Right side                     3 (33.3)                  7 (77.8)   0.058
  Left side                                                      6 (66.7)                       2 (22.2)                             
                                                                                                                                     
  Dominant hand                                                  Right side                     9 (100)                   9 (100)    1.000
                                                                                                                                     
  Lesion location                                                Supratentorial                 8 (88.9)                  7 (77.8)   0.539
  Infratentorial                                                 1 (11.1)                       2 (22.2)                             
                                                                                                                                     
  Level of education                                             Elementary school              3 (33.3)                  2 (22.2)   1.000
  Middle school                                                  2 (22.2)                       3 (33.3)                             
  High school                                                    2 (22.2)                       3 (33.3)                             
  University                                                     2 (22.2)                       1 (11.1)                             
                                                                                                                                     
  Time from onset to initial assessment (days)                   18.00 (4.71)                   20.66 (5.22)              0.215      
                                                                                                                                     
  MMSE (SD)                                                      26.55 (2.24)                   25.33 (1.93)              0.185      
                                                                                                                                     
  Years of clinical experience of occupational therapists (SD)   3.67 (1.5)                     3.89 (1.76)               0.810      
                                                                                                                                     
  Number of OT Sessions                                          22.56±0.88                     22.67±1.00                0.816      

Data are presented as *n* (%) or mean ± SD.

###### 

Comparison of upper extremity functions (FMA, MAL) for two groups.

                         Experimental group (*n* = 9)   Control group (*n* = 9)   Experimental vs control change score   *p*                                                                                                                                                                                                                
  ---------------------- ------------------------------ ------------------------- -------------------------------------- ------------- ------------ ------------ ----------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- -------
  FMA Total              28.44±8.99                     49.78±4.02                24.89±9.12                             44.11±16.25   21.33±8.54   19.22±9.90   0.479       0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.691                                                
                                                                                                                                                                                                                                                                                                                                            
  FMA subtest            Shoulder/Elbow/Forearm         15.89±6.49                26.11±2.15                             14.89±5.84    22.89±3.95   10.22±6.91   8.00±5.87   0.929                                                0.011[†](#tfn3-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.595
  Wrist                  4.67±0.71                      7.78±1.39                 3.67±2.18                              7.33±1.58     3.11±1.36    3.67±1.58    0.305       0.010[†](#tfn3-ophrp-09-0225){ref-type="table-fn"}   0.007[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.818                                                
  Hand                   5.00±2.78                      9.78±1.20                 3.78±2.22                              8.22±0.67     4.78±2.44    4.44±1.94    0.306       0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.721                                                
  Coordination & speed   1.89±0.93                      4.33±1.12                 1.56±.73                               4.33±1.00     2.44±1.24    2.78±0.83    0.313       0.007[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.006[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.295                                                
                                                                                                                                                                                                                                                                                                                                            
  MAL(AOU)               0.78±0.40                      2.91±0.57                 0.80±0.35                              2.44±0.41     2.13±0.54    1.63±0.52    1.000       0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.047[†](#tfn3-ophrp-09-0225){ref-type="table-fn"}   
                                                                                                                                                                                                                                                                                                                                            
  MAL(QOM)               0.96±0.38                      2.80±0.47                 0.93±0.41                              2.40±0.42     1.84±0.58    1.47±0.61    0.930       0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn4-ophrp-09-0225){ref-type="table-fn"}   0.402                                                

Values are presented as mean ± SD.

*p* \< .05;

*p* \< .01.

*p*1 = differences at baseline; *p*2 = differences pre/post measures for experimental group; *p*3 = differences pre/post measures for control group; *p*4 = differences change score between experimental and control group; OT = occupational therapy; FMA = fugl-meyer assessment; MAL = motor activity log; AOU = amount of use; QOM = quality of movement.

###### 

Comparison of stroke impact scale for two groups.

                               Experimental group (*n* =9)     Control group (*n* =9)   Experimental vs control change score   *p*                                                                                                                                                                                                                 
  ---------------------------- ------------------------------- ------------------------ -------------------------------------- ------------ ------------- ------------ ------------ ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------
  SIS subtest                  SIS Total                       18.67±3.08               33.56±3.81                             16.78±2.91   30.56±2.96    14.89±3.82   14.00±3.12   0.422                                                0.008[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.657
  Strength                     Arm strength of affected side   1.78±0.44                3.11±0.33                              2.11±0.33    2.78±0.44     1.33±0.50    0.67±0.50    0.089                                                0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.014[†](#tfn7-ophrp-09-0225){ref-type="table-fn"}   0.017[†](#tfn7-ophrp-09-0225){ref-type="table-fn"}
  Hand grip of affected side   1.44±0.53                       3.11±0.33                1.78±0.44                              2.67±0.50    1.67±0.50     0.89±0.33    0.159        0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.005[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.003[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   
                                                                                                                                                                                                                                                                                                                                                   
  ADL                          Using a spoon & chopsticks      4.11±1.27                4.33±0.87                              2.00±1.22    3.11±0.78     0.22±0.44    1.11±0.60    0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.157                                                0.008[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.005[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}
  Dress up Top                 2.11±0.60                       3.67±0.71                2.22±0.44                              3.33±0.50    1.56±0.73     1.11±0.60    0.693        0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.008[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.203                                                
  Washing                      2.00±0.71                       3.11±0.60                1.89±0.60                              3.22±0.44    1.11±0.60     1.33±0.50    0.723        0.008[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.423                                                
  Toenail clip                 1.33±0.50                       3.00±0.71                1.44±0.73                              3.22±0.67    1.67±0.71     1.78±0.97    0.873        0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.011[†](#tfn7-ophrp-09-0225){ref-type="table-fn"}   0.671                                                
                                                                                                                                                                                                                                                                                                                                                   
  Hand Function                Doorknob turn                   2.00±0.71                3.89±0.78                              1.56±0.73    3.11±0.33     1.89±0.93    1.56±0.88    0.180                                                0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.010[†](#tfn7-ophrp-09-0225){ref-type="table-fn"}   0.514
  Can or jar open              1.67±0.71                       3.44±0.73                1.33±0.50                              3.11±0.33    1.78±0.83     1.78±0.67    0.291        0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.924                                                
  Shoe lace                    1.11±0.33                       2.78±0.44                1.22±0.44                              2.44±0.53    1.67±0.50     1.22±0.83    0.539        0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.015[†](#tfn7-ophrp-09-0225){ref-type="table-fn"}   0.234                                                
  Coin grip                    1.33±0.50                       3.11±0.78                1.22±0.44                              2.56±0.53    1.78±0.83     1.33±0.50    0.609        0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.006[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.234                                                
  Recovery                     16.67±5.00                      65.56±8.82               16.67±7.07                             57.78±6.67   48.89±10.54   41.11±7.82   0.880        0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.007[‡](#tfn8-ophrp-09-0225){ref-type="table-fn"}   0.097                                                

Data are presented as mean ± SD.

*p* \< .05;

*p* \< .01.

*p*1 = differences at baseline; *p*2 = differences pre/post measures for experimental group; *p*3 = differences pre/post measures for control group; *p*4 = differences change score between experimental and control group; SIS = stroke impact scale; ADL = activities of daily living.
